DYNAMIC RESPONSE OF PLATES 

TO 

BLAST LOAD 


A Thesis Submitted 

In Partial Fulfilment of the Requirements 
for the Degree of 

MASTER OF TECHNOLOGY 


BY 

A. RAJAMANI 


■) 'J • ♦ 


to the 


DEPARTMENT OF MECHANICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY KANPUR 

AUGUST 1972 



1. 1. T. KANPUR 
C ENTRAL UBHAB Y 

^ec. ,v. ^ 2267/1 


1 6 FEB 1973 


r-C 

f. m 


Poe- f'riFS.' 



TO MI PARENTS 




Tills is to cortifv that tlie thosj.s entitled 
"Dynanic Response of Plates to Hast Load^' liy A, Rajar’ani 
is a -i^cord of ^roxlz carried out under mj supervision and 
has not teen submitted elsewhere for a degree. 



V. SiPrlDABiiRAJAl 
Associate Professor 
Department of ilechanical Sngineering 
Indian Institute of Technology, Kanpur 


August 11, lf72 


> ■: V t ' 


D.Ur; 


f '•"■■■ 






lanpur 

2r 



AClQ'IO’;tt,lDGi;i:Ei:T 


I am deeply indebted to Die. V. Sundarara;jan 
for Ills guidance 5 encourage rent oxid inspirat j.on. 

l:j tlian].is are also due to 

fr. K.S. Raghavan and :Ir. I. Prasad for many 
Interesting ani fruitful discussions in the e:.:psrinients. 

l:r. Ihi:, Singh and hr. Yadar for their conti- 
nuous help in coi}.ductixig the experiments. 

hr. J.D. Varma for hi.s excellent typing. 

hessors. D.K. Sarhar, T.h. llarasiniiian, ilagaraj 
iiurthy, P.Iv. ha'lihj H.G. Suhraiiianiam, T .K. Sadliulchan, 
Ajodhya Prasac and all others whose timely help made ny task 
easier. 

~ t .1 nna.l lutreau of Standards (h.S. Department 
of Co'-merco) '"or supporting the wor‘- and finaj.icial 
assistance . 


A. RAJhn-AIII 



LIST OF T*<ffiLlS 


LIST OF FIGURES 
LIST OF PLATIS 
IlOI'.lirCLATURF 
SYITOPSIS 


o 

L-J 

I 



IFTRODFCTIOr' 




1.1 


Genaral 

1 



1-.2 


Previous Uot): 

3 



1.0 


Present V/orF 

■ ‘1 

CiiAPTFR 

II 



ILiPFRIlLiiaAL SIT UP 




2.1 

c 

Sliock“Tube arcl Production of 
Sliock Ua.vG 

8 



2.2 

r 

o 

i.easureivient of Presstire 

S 



2.0 

c 

Lea sure v-ient of Strain 

10 



2.4 


Stra.in Gage Gal it rat ion 

11 



2.5 

« 

* 

Clanping Arrangements 

12 



2.S 


Specifications of the Instru- 
raents used. 

13 

CEAFTFR 

III 


TifTORIlT ICAL IITYFST i G.lTIOh 




3.1 


General 

IS 



3.2 

0 

ilethods of Solution 

21 



3.3 5 Assumed riode Kethod 

3.4 : Slraply Supported Plate 

3.5 ; C 1 aiip e d PI at e s 


CHAPT.IR lY 


RSSIjL^ 


:s iJ/iD DISCI 


SSIORS 


4.1 ; Theoretical Results 

4.2 : Rxperirne.ital Results 

4.3 ; Graphical Plots 

4.4 : Discussion 


CHAPITR V 


: COITCLUSIOhS AID SCOPS FO 
FURTliSR 'iOPJC 


5.1 : Conclusions 

5.2 : Scope for Further 'fork 


RSFRRT^''^'--""" 


..111 .'o IIjO 


appsiid: 


APPSIIDIX 


B 


T AIDES 



TABLE la : 


Page 


TABL' 

TAI-.Ll 

TABLE 

T/iELE 

TABLE 

TABLE 

TABLE 

TABLE 

TABL .3 


LIST OF TABLES 


VI 


lb 

2 


'■-'t' p3,r;.so.': oE Sta,tic 8j.':d 
Byiiav.ic Def lectio/, fo:-- Baprl 
‘-JJ L 1. 1. j. CLg:'' i.'cr oe • 


Plate Pai'a/ato; 


/‘S 


Actual Pressure o;.i the Plo'.te 

.'■Ox jT'.ole.c c T 1 


57 

57 

50 


AetuaJ. Picessure on the Plat 
for Holes of Share 2 


: Actual Pressure on the Plj 
for Holes of Shape 3 




-'O'-iparisron of' Theoretical Static & 
Dynamic Strains vith Exreriiaental 
Dynanic Strains for li = 0,025 3'^ 


ol 


ooi'-iiiayrsion of Theore'^ical Static 1 
nyna.riic Stranes ’./itli E'rperir.ienta,! 
D-ynai:iic Strains for h =' 0.0598" 


62 


7 ; Corparision of Theoretical Static & 

Dynaraic Straixis uith Experi?. ental 
Dynamic Strains for li = C.0C3S" 


Uo 


8 


0 HE -7 


-ixperimental Hesults for Strains at 
the Ends for Clamued Plate 
h = 0.0256" 


64 


S 


Experimental He suits for Strains at 
the Ends for- cla...ped Plates 
h = 0.0598" 


65 



TAIiL"? 10 ; ’ ’ijrperinientai Ke suits for Strains 

at t'ls ends for Clanred Plato 
h = 0.0933" 


TAPLl 11 


Paran'Otars for a.Clanped Mode 
Shape 



vlii 


LIST OF FIGURF3 


Figure No. Description 

1. Full-bridge Circuit 

2. Half -bridge Circuit 

3. Calibration of Strain Gages 

4. Arrangement for Stra,in lleasurement 

5. Arrangement for Pressure Measurement 

6. Clamping Arrangement 

7. Strain Calibration Curve 

8. Actual Pressure on the' Plate for 

Different Pressures in H.P. Chamber 


Page 

68 


70 

71 

72 

73 

75 

76 


9. a The Curve Shous 'that the Nature of 77 

the Shock Nave is Plane. 


9,b. Conparision of Pressure Distributions 77 
on the Plate when there is an opening 
and when there is no opening. 


10. Types of Holes 


78 


ll.ajbjC Curve shovnng vai'iation of Pressure 79,80 
Distribution on the Plate for Shape 
1,2 and 3 respectively with area 
ratios. 

12. Comparision of Theoretical and Sxperi- SI 

mental results for solid plates for 
6 psi pressure in H.P. Chamber 


13. 

e 

vs 

A /A 

Curve 


Ui, 


2 1 


14. 

e 

vs 

A„/A^ 

Curve 


X 


2 1 


15 . 

e 

z 

vs 

A 2 / A^^ 

Curve 


for h = 0.0836*’ 82 
for h = 0.0598*' 83 
for h = 0,0256'* 84 



Figure No 

• Descriptioii 

Page 

16 

e vs A /A for h = 0.0836'* 
y* 

85 

17 

■Sy vs A^/A^ for h = 0.0598" 

86 

18 

vs Ag/A^ for li = 0.0256" 

87 

19a, b ,0 

vs h/a for p = 4,6 psi, with 

CO 

00 

00 

CD 


shape as the pararaeter 


20 

Strain Time Curve for a Plate with 

so 


Area Ratio 1/4 and Hole of Shape 




I 


X 

LIST OF PLAT3S 

Plate Ho. Description Page 

1 Shock - Tube 

2 The Clamped Plate 

3 Pressure Time Trace, as obtained 93 

in experiment at two points (for 

8 psi pressure in the high pressure 
chamber) . 

4 Pressure Time Trace 

5 Instrumentation 95 

6 Strain - Time Trace 96 



NOISKCLaTURZ! 


a 


Plate length in x - direction 

A. 5 A 5 
niii in 

A s 
n 

iiodai co-efficients 

A 

1 

0 

Area of the Plate ^cltiiout hole 

^2 

c 

Area of the hole .in the plate 

b 

0 

p 

Pla.te length in y - direction 

D 

p 

p 

Flexnral rigidity CShVl2 (l- 

e 

c 

Strain 

e 

0 

p 

Stra.ln in non-diinecsionalised parameters 

f (p, t) 


Dynamic Pulse Load 

F.R 

« 

Response Function 

h 


Plate Thickness 

k. . 

« 

St.1.f fne ss Co-efficient s 

L 

0 

Se.1 adjacent dif re??ential operator 

m 

p 

bode number ni n - direction 

M (P) 

o 

Mass Distribution 

M 

iD 

f* 

ilass Co-efficients 

N 

r 

p 

Generalised Force 


p 

Time Dependent Gexieral.ised Disule.cenent 
co-ordinates. 

n 

c 

p 

Mode number in y - directj.on 

P 

c 

0 

Sp at ial C 0 -0 rdinate s 

R 

p 

p 

a/b 

s 

« 

p 

Denotes Laplace Transform 





zil 

t 

f. 

Tha time variatlc 

"^^5 "tg ? ■^3 


Pulse duration 

T 


Dimensionless ti-'e variatle 

w 


Deflect.i.on of tbo PIs.te 



Dimensicnle ss deflection 



Natural frequency of the plate 

w 

nmi 

9 - 

Hon - dimensional ised natural frequency 

(P) 

mm 

O 

• 

Admissible functions 

W (P) 

* 

• 

Absolute value of the functions 

X, y 

0 

• 

Po s it ion c 0 -0 r dinate s 

X, Y 

0 

Dimensionless Position Co-ordinates 

ocT 

c 

0 

Frequency parameter 

Y 

0 

Resonance Frequency parameters 

x 

; 

D ui'r. ly T j. me va.r i an 1 e 

1/' 


Poj.s son’s ratio 

6'(p) 


Spatial dirac delta functj.on 

P 

‘ 

Density of the pla.te 



SYNOPSIS 


IliG response of pi ares iritli ejid witliont 
cut-outs to Hast loadin.c has lee.i Investigated expe- 
rimentally in this x^orlc. In the tlieoret.i.csiL analysis 
onl;r plate without hole's are considered. 

Ixporiments have heen conducted using shock 
tube as a loading medium. For plates ■lu.tliout cut-outs 
dynamic strains are measured a.t the center and at the 
ends. Pressures are measured at different pojnts to 
show the na, ture of the shock front. Similar measure- 
ments are nsde for relates with cut-outs ano the dynamic 
strains for “lates ■'■rith and -p.thout cut-outs are com- 
pared at the eiids. The varj.ation of pressure distribu- 
tion as a result of increase La the size of opening has 
been investigated, he suits are in terns of strains 

against area ratj.o aric? thickness to length of s..,aller 
edge ratio. 



CHAPTSE I 


II'ITRODUCTIOI'l 


1.1. G eneral 

The study of the effect of blast leaves in the 
design of structnres and equipments utilising plate 
components is becoming increasingly important for' safer 
design. The buildings - industrial and domestic - should 
be able to wi.thstand the pressure developed due to un- 
expected explosions (e.g. internal explosion due to cook- 
ing gas cylinder or air - blast from nuclear explosions^^ 
or conventional high explosives, such as TNT). The blast 
wave (a shock wave in air is referred to as a blast wave 
because it resembles and is accompanied by a very strong 
wind) may be strong enough to damage the walls, window 
panes etc. of the building. Sufficient experim.ental data 
are not available' to estimate the load (and its nature) 

that is applied during an explosion or to predict the 

17 

manner in which the structure responds. 

The stud 3 ’' is receiving more attention with the 
introduction of supersonic air - crafts, ''ihen these craf- 
ts move at supersonic speed, a shoe]?; wave is generated and 
while reaching the ground, it interacts with the structu- 
res it encounters. The "structure depending upon its 
relative orientation may be subjected to either a normal 
wave (when the normal of the wave front is in the direction 
of the displacement of the structural element) or a 
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travelling wave (when the normal of the wave front is 
parallel to the plane of the structural element). In 
actual practice, the nature of the shock wave is depen- 
dent upon a number of factors. In explosions, it depends 
on the presence of turbulence, the distance of the struc- 
tural element from the place of explosion, the nature of 
explosion (nuclear, conventional explosion, gas explosion) 
The shock x^^ave generarated from supersonic aircrafts 
depends on the atmospheric conditions, ground reflection 
etc. Therefore, it is extremely difficult to conduct 
experiments pertaining to actual conditions. Some expe- 
riments have been carried out to predict the nature of 
pressure distribution in shock wave in open air explo- 
sions^® 


The idea of venting the walls - venting may 

be achieved by putting glass panels or weak windows which 

will be opened at an early stage so tha.t other vralls are 

18 

not affected - has been thought for explosion relief* 
Put, to the best of the author's knowledge, no work has 
been done to predict the response of the structures and 
variation of pressure distribution with the openings 
present. 


Pre vious Work 
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Most of the theoretical and experimental work 
in the literature he.ve dealt with the response of heams 
and plates to blast loading. 

The effect of shock wave or_ structures has been 
studied as a vibration problem subjected to a transient 
load. Prankland^ solved this problem for rectangular and 
sine pulse for single degree of freedom systems and in 
the latter part of his paper he has given the outline to 
similar problems for continuous bodies. 

Considerable amount of theoretical and experi- 

2 3 4 

mental xrork has been done by Cheng , Baker , Banerjee , 

pz .c n 

Symonds 5 Ting , Lee and Martin on the dynamic response 
of elastic and plastic beams. 

Dynamic response of circular plates to pulse 

- S Q 

loads has been dealt by George P.j . . ¥ang discussed 
the permanent deflection of a plastic plate under blast 
loading^* Florence^^ conducted experiments on simply 
supported circular plates su.bjocted to uniformly distri- 
buted impulse and compared the pem.anent deformation, with 
those predicted by bending theory of rigid plastic plates. 

"1 ^ 

Jones-^ recently condu,cted experiments to study- 
the behaviour of fully clamped plates subjected to uni- 
formly distributed impulsive velocities, fie developed 
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an. approximate theorsti.cal procedure- to estimate the 
permanent transverse deflection of teams and plates when 
subjected to large dynamic loads. 

Influence of pulse shape cn the final plastic 
deforEntion has been discussed by Youngdahl ^ . Accord- 
ing to him, t-ho amoujct of plastic deformation is depen- 
dent on the pulse shape for pulses whi.ch hen/e the same 
impulse and maximum pressure. Aligood considers loads 
of two types - short duration and long duration, fle 
distinguishes long duration loads from short duration 
loads as 'being those with a duration t', greater than 
six times the natural period of the system under consi- 
deration. He concludes that pealc loads with magnitudes 
of several times the yield load can be sustained if the 
load is of short duration. I-ioreover, he comments that 
if the ratio of the rise time to tho natural period is 
less than one fifth, the load can be assumed to have an 
instantaneous rise and if the ratio j.s greater than -6, 
the load can be considered as static.- 

IS 

Cheng and Eenveniste solved the problem of 
dynamic response of structural elements exposed to shock 
waves* Both normal and travelling shock waves have been 
consid.ered in their analysis. 



5 


Crockor , gave the thooreticai results’ for the 
effect of travelling shock wavo on a plate. The nature 
of shock wave was M. shaped in his problem. He gave the 
experimental verification for tho above problem. 

Damage due to sonic booms have been studied by 
23 

Clark, Eerr and Nexsen . In their experiments they 
found out that the overpressures were not of sufficient 
magnitude to cause any structural daraage to buildings 
that wore properly constructed and well mainta.1iied . 
However, the}/ found out thcit in some instances the struc- 
tures j.nvestigated had an inner window cracked i-rhere as 
the storm window was not damaged. 

21 

Savin has solved the problem of stress con- 
centration around holes in infinite plates subjected to 

22 

bending, Paranisivam has used finite difference method 
to find out the static deflection and natural frequency 
of plates with rectangular holes. But he has given the 
results only for square plates with square and circular 
hole s . 


I *3 . Present i/fork 

From the literature surve^^-, it seems that very 
few experimental results have been reported on the dyna- 
mic response of structural elements other than beams due 
to blast loading. Also the response of structures with 
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vents and 'sutijected to shock loading has not been studied. 
The chcingG in tie press'arc distribution as a result of 
the different shapes and sizes of vents has also not been 
considered. An attempt. ha.s been made to fill the above 
two gaps. 

The existing shock tubo was used for the pre- 
sent experimental study. The shoek wave impinging on 
the plate was plane in all cases. The clamped plates 
with and without holes wer.s exposed to .jormal shock wave. 
The dynamic stra.ins at the center (for plate without 
holes), near the holes and at the ends wore measured. 

The experimental values for clamped plates 
without holes are checked W3.th theoretical results. The 
analysis has been dons 'nth-lii elastic limit and small 
deflection theory has teen assumed. For simplicity, the 
damping has not been considered. 

The analysis of rectangular plates with holes 
has not been considered because of the following reasons; 

1, It is very difficult to know the exact functions 

which satisfy the boundary conditions near the hole 
and at the ends where the plates are either simply 
supported or clamped. 
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2. The coniputatlons involved even in case of static 

21 , 2 ^ 

response o'c froe vibrations of plates arc enormous. 

Tlio results for the variatj.ons in pressure dis- 
'tributi.on cli-’.o to different vent size and shapes has been 
given. The response has been given in terms of d^rnamic 
strains. 

Chapter II and III discuss exporimontal arrange- 
ments and analytical fcrmulatj.on respectively. Chapter IV 
and V discusses the results and scope for further wrk 
respectively. 

In Appendices the response functions and static 


response have been given 



CHAPTER II 


experi!<siii:tal set - UP 

Ths Gzpc rirr.ental work has hoen carrj.ed out to 
find out the effect of shock loadixig on plates with and 
without holes and also to study the variation in the 
pressure distribution with the sizes of cut - outs. Ex- 
perimental set up and procedure has been described in 
this chapter. 

2.1 S hock Tube and Production of Shock Wave 

A shock - tube is a long chamber of constant 
cross section which has two chambers - the high pre- 
ssure and the low pressure separated by a diaphragm. The 
diaphragm can be ruptured to produce a shock wave which 
passes down the tube. 

* 

The shock tube used is of rectangular cross - 
section. The b.igh pressure chamber is 6” x 4” in cross- 
section and 36" long. The low pressure side has five 
sections each 28" long and 6" x 4" cross - sections. 

The rectangular section is made of four different alumi- 
nium plates. 

The different sections (on low pressure side) 
are joined by means of flanges and made air-tight with 
rubber gasket provided in between them. The high pressure 
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and lot/ pressure sides are joined by a circular flange 
with provision for tv/o 0 - rings. On the high pressure 
side 3 an inlet valve for fillin-;;. it with compressed air 
and a Bourdon's pressure gage to road the pressure are 
provided. 

To start the ezporinent, first the -'.lignment 
of the shock tube is chocked. To produce a shock - x^ave , 
the diaphragm (Cellophane oaper has teen used as diaph- 
ragm) is kept betx'/een the two chaentors and then both sides 
are joined. Then the high pressure chamber is pressurised 
by means of compressed air to the desired pressure. The 
diaphragm is punctured at the center by means of a high 
resistance wire carrying high current. This causes the 
sudden rapture of the diaphragm. 

The pressure - time record of the shock x^a.ve 
was found with the help of pressure transducers (Kistler 
type 623 B/ 601 A) . 

2 , 2 Keaspr emen t,..of Pressure 

In order to know the exact pressure distribu- 
tion on the plate 3 a stiff plate, considerably stiffer 
than the test plate, was used. It vr&s mounted in the 
same position as the test plate. The pressure - trans- 
ducer was mounted on this stiff plate. This is done for 


tvo reasons: 
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1. Tlie vibration of the plate should not affect the 
signal of the transducer. 

2, The pressure inside the shock - tube may be diffe- 
rent than at the end uhere the pla.te is mounted. The 
pressure transducer gives pressure uhich acts on the 
plate. 


The transducers used were of piezo - electrical 
crystal type which give a charge output proportional to 
pressure. The charge output is converted to voltage and 
amplified by means of a charge am.plifiar (Kistler - type 
566 M3). The pressure signal from the charge amplifier 
is fed into a storage oscilloscope (Tektronix - type 564). 
The pressure measuring device has a rise - time of few 
micro seconds and a band width of several mega cycles. 
Since the rise timn and duratj.on of the pulso are of the 
order of milli seconds, the transducers were sufficient 
for the purpose used. 


2.3 Me asurement of Strain 


The strain signals are found by means of strain 
rosettes. However for plates with holes (for ratio of 
plate size to hole - size 4) rosettes could not be used, 
due to the large size of rosettes. For such plate, sin- 
gle element gauges were used. As the duration of the 
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shock load is of the order of milli seconds, the strain 
rosettes and gauges are quite suitain le for the measure- 
ment of dyna.Liic strain. 

In the Case of plates, without holes, the 
rosGttes were mountec at the ends and s.t the center. 

For plates with cut - outs of different sizes, rosettes 
were mounted near the holes and at the ends. 

Te/:perature compensation was done by using 
dummy gauges mounted on a plate of same material. 

The leads from the strain - gauges were connec- 
ted to the Budd - Indicator. Full - bridge circuit was 
used for rosittes and half - bridge circuit for single 
element gauges. The output from the ludd Indicator was 
fed to the storage - oscilloscope. In this case osciir.o- 
scope was triggerer] by the signal from the pressure - 
transducer mounted on the wall of the shock - tube (fixed 
in adaptors wiiJ.ch were cushionoc, in a packing material) . 

A signal starting from zero can be stored on the storage 
oscilloscope due to this triggering arrangement. 

2 .4 Str ain - Gauge Calibrat ion 

The calibration method consisted of determi- 
ning the system’s response to the Introduct ,1on of a 
known small resistance change at the gauge and of cal- 
culating an equivalent strain there from. This change 
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in resistance was produced means of a parallel 
resistor. 

= gS-Ug ^ resistance 

o 

= calibration resistance 
F = gauge factor 

e = equivalent strain 

The change iii resistance is 

= rR^VRj 

& s 
o - ^ R 

® “ ■'FTr.T' 

o 

R 

® " fTr“VfT’ ' (2.4.1) 

g s 

If there are F active gauges, then 
1 

® F “TR™+~"r~) (2.4.2) 

o S 

Cii amping Arrangeme nt 

The plates were clamped at tho end of the shock 
tube by means of two supporting frames. One supporting 
frame was rigidly fixed to the shock tube. The test' 
plate was rigidly clamped to this supporting frame with 
the help of axiother framo and bolts, b/a is kept constant* 
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Squal t.lglitning of the tolts was achieved Toy means of a 
torque wrench. The clamping arrangement is shown in 
Figure 6, 

2.6 Spe cificatio ns of _tlie, Iji^t liU'ie.nt ^ Used 5 


Strain Gauges 


(a) CT - 3 


Nominal gauge length 

- 3,0 m.m. 

Nominal width 

2,0 m.m. 

Rase length 

- 10.0 m.m. 

Base width 

- 6.0 m.m. 

Resistance 

- 120 +0.4 ohms. 

Type 

- Helical Grid 

Gauge Factor 

- 1.98 + 0.2?c 

Rohits and Company (India) 

(b) KWR - 5 R 


Nominal gauge length 

- 5,0 m.m. 

Nominal width 

- 4,0 m.m. 

Base length 

-22,0 m.m. 

Base width 

-22.0 m.m. 

Resistance 

- 110 + 0,4 ohms 

Type 

- Helical rosette 

Gauge Factor 

- 2.72 + 0.2?S 


Rohits and Company (India) 
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2 . Jjidi.cs.t.q.11 

1. Hange 

2. Accuracj- 


3, Readability 
4* Balance 


5. Gage Factor 

6. External Circuits - 

7. Lead Wire Capi- 
citance effect. 


.(JPo.ri^fele..,. 3501 

+ 50,000 micro strain 
+ 0.1 percent of reading or 
5 nic restrain for R = 120 ohms 
and G.F. = 2.00. 

For 50 to 2000 - ohm bridges, 
G.F, from 1.5 to 4.5, accu- 
racy sh.all be 0.5 percent of 
reading or 5 micro strain, 

1 micro strain 

10 turn lock luiob provides 
approximately + 2000 micro- 
strain (G.F. 2.00) for zero- 
ing the digital readout 
prior to load application. 

From 0.10 to 10.00 (Calibra- 
ted betueen 1,50 and 4.50 
only) 

Full, Half, or Quarter Bridge ^ 
Internal dummy gauge for 
120 and 350 ohm. 

Typically less than .05^. 
Negligible effect uith 500 ft 
of lead wire. 
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8 . Oscilloscope Jack - 


9. Battery 

The Budd Coinpaay, 

3 • Pressure - Transduc er 
Model - 601 A/623 E 

Pressure Range 

Resolution 

haic inium P re s su re 

Sensitivity (nominal) - 

Resonant frequency 

Rise tine 

Linearity 

Ac c el e r at io n sens it i vi. 1 5 
Temperature range 
Shock and Yi.hration 
Sensing element 


Full Scale + 200 nv D.G. 
Sensitivity^ variable from 
approximately 0,4 to RO/u-c'/mv, 

9 volts 

Instruments Division (U,S,A) 

Full vaccun to 3000 psi 
0,1 psi 
5000 psi 

1 picocoulomb/psi 

130.000 ops 

3 micro-seconds 
1 percent 
-0.01 psi/g 
-450 to + 500 OF 

15.000 g‘s 
Crystalline quartz 


KISTLIR Ii'ISTRUi'ZFT CORPORATION (U.S.A.) 
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4 • 2iiaJlSP_™r- .A mpli fier 
Model ~ 566 


Ranges (for + 10 ^rolte or » 
+ 5 volts output) 

Output voltage (to ligii 
impeda.ace load) 

Output curreut (to low - 
inipo dance load) 

Output Impedance 

Input Impedaiice (SHORT & - 

LOITG Time Cor st ant) 


0.05, 0.1, 0.2, 0.5, 1,0, 
2.0, 5.0, 10.0, 20.0,50.0, 
and 100 mv/pcb . 

+ 10 volts, - 5 volts 

+ 10 milli amperes 

100 ohms 

11 14 

10- • ohms, 10 ohms. 


'Frequency Response (noniix.al)- dc to 150000 cps 
Linearity Error - 0.1/i- 

Noise (at output, ■'■rith - 1 milli volt 

short cables) 


Input anc" output connectors- EITC coaxial 

Lino Power - 115 volts, 30 cps / 210 

to 240 volts, 50 to 60 cps. 

KISTLERINSTRUI'FLT CORPORATION (U.S.A) 
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5 • 0 scil lo scope 


a. Type - 502 A Dual ~ Beam Oscilloscope. 

Tile Oscilloscope provio.:. s linear dual - bean 
dj.splays with a wide range of sweep rates conbi- 
ned with high input sensitivitjr. It may be used 
to provide dual - bean X - Y displays medium 
sensitivities 5 and single beam X - Y displays 
at high sensitivities. Vertical amplifiers for 
both beams may be operated vn.th single - ended 
inputs for conventional operation, or with diffe- 
rential inputs for cancellation of common mode 
signals. 


In the vertical deflection system, there 
are seventeen calibrated deflectj.on factors from 
0,1 mv/cm to 20 v/cm accurate within 3 ^ 0 , 

In the Horizontal - deflection system, there 
are twenty-cn^ calibrated sweep rates from 
iMsec/cm to 5 sec/cm. 

i 

b.' Type - 564 Storage Oscilloscope 

This is a special purpose oscilloscope de- 
signed to store cathode - ray tube displays for 
viewing or photographing up to an hour after 
application of the input signal. This can be 
operated as a conventional oscilloscore Alsn- 
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There are t\/o separate storage screens of the cathode- 
ray - tube. Either the upper or lower storage screen 
in storage locdo caxi bo used r-hilo the other screen can 
be operated in non ~ store. 

The Plug .in units used are ; 

1. Type 3A3 Anplifisr Unit 

2. Type 3B4 Tima Ease Plug-in Unit, 


TEKTRONIX INC. BEAYERTON, OREGON, (U.S.A.) 



CiiAPT3R III 


THS0K3TICAL iKYESTIGxiTION 


3,1 


Goneral 


Wcust 

Hie effect of ma ' &s load on struct'ural ele- 


ments Can to studied as transient vilratior. 
protleni, when the structure! 'iloi.iont .is sub .30c tod to 
an impulse load. 


The anal'^'sis has been carried out for plates 
without any holes. Basic assumptions are t 

(1) A normal to the middle plane remains normal 
to the deformed middle surface and does not 
change .In its length. 

(2) hormal stresses transverse to the middle 
plane can be nGgloctod, 

(3) The- middle plane of the plate is not strained 
(It is Called a neutral plane). 

(4) Strain - displacement relatrlons arc linear. 

(5) Effect of shear force on deflection is neg- 
lected as its contribution to the latter is 
small as compared to bending, 

(6) Damping has not been considered. 
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Equation of floxural vibration of plat-; 


Qs IS given by; 


4 


D V " + P b = 


y..2 
C u 


f (x, 75 t) 


(3.1.1) 


Introducin'" 


w 


i-ig cne non » d.iriensioiial i;)araineters , 

Vf {..j^ ) 


X = 


I 

b 


T = t 

R = J 


V f b j 


Substituting them in equation (3.1.1) ^,tq get 


D 


or D 


I 


j; + 2 

^>P 

h _ 

<^t2 - 

f (x. 



W 

4 

cl 

D.b^ 

' S.a^ d 

b^ D 





W 


] 


D 


D 


c)^ y 


f (X, I, T) 


0h a'^ h 

where f (X, Y, T) is the forcing function in non-dimen- 


sionalised form. 


or - -b: + 2 K 


W , ^ _2 loT 








2~ + "R^ + 

= f (X, Y, T) 


(3.1,2) 
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3 , 2 Mg t hoc’_q f SjDjLut ion 


I'lio oqu,^ tj.cn of not .Ion for v.lorat.!.on of plate 
can bj wrltt.;.,i ao 


L Tm (?,, t) 1 + (F) 


n2 

o 

eVt 


i “ f (P, t) + 


F, (t) 6{p - P.) 

(3.2.1) 

'.’/here L j.s a lj,n:ar lioniOgo.;.ioouc solf - adjoint diffo- 
j-Giitial oporacor consisting of OGrj.vat.lvGs mltli rospoct 
to spatial C0"0rd.lnat>-s but not uitli rospoct to timo t. 
Tlio oporator L cont.ai.ns the information coi. corning tlio 
stiffness d.ls‘Gr.j.,'.uti.on. The ina.ss dj. str.lbution is g.lv 3 ii 
by N (P) . The oxcj.tation consists of tlio di.strj.butGd 
force f (P, t) and tlio co.ncontratod forces of amplitude 
F (t) and acting at pointr. P = P. . ^(p - p.) indicates 
spatial Dirac's delta funct.lon dof.lnid by 


<^ ( 


- PJ = 0 
] (P 


P 


P 


dD (P) = 1 


(3.2.2) 


The p boundary concV.itions aro o< 


the 


t3rpe 


B. 

1 


W (P, t) 


0 5 


i 1 2 ^ (-d*2*3) 


whore aru linear noMiogenooiis llfferoritial opjrators* 
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Th3 solution of the special eijoi'T- value prob- 
lem of the differential equation 

1 ['jj= J <j'i] 

to bo satisfiod over clonan.n D, whore 1 is subject to 
the boundary conditions 

¥ = 0 (3.2.4) 

consists of an infinite set of denumerable eigen func- 
tions (P) with corresponding natural frequencies 
The oigen functions are orthogonal end j.f they are nor- 
malised such that 

/ M (P) W (P) V/ (P) dD (?) = (3.2.5) 

j) . r s i- s 

it follows that 

(P) L p-Jg (P)J dD (P) = Wy 6 ys (3.2.6) 

Using the expansion theorem, we write the 

solution of (3,2,1) as a superposition of the normal 

modes (P) multiplying corrospondjng time - dependent 

generalised displacement co-ordinates n^ (t). Hence 

®o 

¥ (P, t) = y (P) (t) (3.2.7) 

Introducing this onto partial differential 


equation, we get 
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oo 


a® 


“ (t)l + H (P) —5 1 W (p) r (t) 

r=l !• r J ^^2 r r 

= f (P, t) + F. (t)h (P - P.) (3.2.8) 

3 3 

Multiplying toth sides of (3.2.8) ty (P) and i^itegra- 
ting over the domain D, 


I 


r=l ^ 

o<> 


(t) \ W (P) L 
D • 2 


(P) dD (P) + 


21 n (t) ( W (P)t4(P)-/r (P) dD (P) 
r=l r D s r 

= ) (P) (f (P, t) + F, (t) 6iP - T,)) dJD (P) 

^ T\ S 1 


D s ’ a 

In view of (3,2.5) and (3.2,6) 


(3.2.9) 


n^ (t) + Ct) = (t) r =1, 2,...^ 


(3.2.10) 


whe re 


^ I 


F (t) =j 7 (P) f (P, t) dD (P) + Z W (P,)F.(t) 

r D ^ 3=1 r 0 3 

'■■"i^.Pill) 

and denotes a generalised force associated with the "gehte,- 


ralised co-ordinate n^ (t). 




Equation (3.2.10) represents an infinite set 
of uncoupled ordinary differential equations similar to 
the single degree of freedom system equation. 
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Applying LaDlaC8 tranriforic teciinj.aue .equation 
(3,2.10) reduces to 

s (s) ~ s (0) “ xip (0) + Hp (s) = Fj.(s) 


(3 . 2 . 12 ) 


or , 


s n.,„ (0) (C) li (s) 


r ■ ■ r 

n ( s ) = ■' Q — — ' Q-'- + 

r s 


+ 


2 + ,,2 ■ s 2 " . 2 

•p o -i- -{iJ 


(3,2 ,13) 


Taking the Inverse transfon:?., we get 

t 


(t) 


.X. 

w. 


f F (T ) sin w (t -T") dT + 
J r r 


Sin w^ t 


n (0) cos w t + n (0) 

r r r 


(3.2.14) 


where n (0) and n„ (0) are the initial 'generalised dis- 
r 

placement axif initial generalised velocity given by 


n (0) 


= I M 

D 


(P) W (P) 1 (P5O) dD (P) 


r 


n (0) 


( h 

D 


(P) II (P) W (P, 0) dD (P) r = 1,2., 
r 

(3.2.15) 


3,3 Assumed Mode Method 


It is not always possible to know exact solu- 
tion for the mods shape of a continuous system for 
different boundarj^ conditions. The response of a conti- 
nuous system is then assumed to be in the form 
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Wj. (P, t) 


n 



(3.3.1) 


where (P) a,re adinissitle functions, vrliich are func- 
tions of the spatial co-ordinates P, and satisfy the 
geometric iDoundary coixciitions of the system, and (t) 
are time - dependent generalised displacement co-ordi- 
nates. lii this manner a continuous system is approxi- 
mated by an n - degree of freedom system. The kinetic 

energy of the system is 

n n 


T (t) = i- Z Z m q (t) q. (t) (3.3.2) 

i=l .1=1 i ^ 

where the mass co-efficients depend on mass distribution 
M (P) and the admissible functions (P). The poten- 
tial energy can be -smitten 

n n 


Y (t) 


i=l j=l 


K. . q. (t) q (t) 
13 1 3 


(3.3.3) 


where the stiffness co-efficients depend on the stiffness 
properties of the system and the admissible functions 
(P) and its derivatives. 


If any non- conservative forces are present, 
Lagrange’s equations of motion havo the form 


4 _ ( Ax 1 Ax + Ay 
Air 


Q r = 1, 2 , . . 
r 


(3.3.4) 
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where (t) are time - dependent ron-conservati 
ralised forces and are given by 


ve gene- 


Q Ct) = f 

r 


1 


D 


f (Pj t) II (D) dD (P) + p 


D=1 3 


\ r = IjS, ...n (3.3.5) 

and 1 is the number of concentrkted forces .Lagrange ' s 
equation of motion become 

n 


VI t = Q, (t) r = l,2..n 

(3.3,6) 

And in the matrix form 

H(l = (q (t)} (3.3.7) 

This method has been used to calculate the 
natural frequency and response of the clamped plate. 

Slmnlv S unu orted ^ lates 

In case of simply supported plates, the eigen 
functions are Icnown and therefore the method discussed 
in section 3.2 can be used. 

The mode shapes are given as 


W (Z, Y) 
mn ’ 


- sin (mn Z) sin (n TTY) (3.4.1) 


L = 


M 


a 


4 


II 


b z 
1 




+ 2 R" 


n_ . „4 ^ 
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The boundary conditions are 


¥ (0, Y) = ¥ (1, Y) = ¥ (X, 0) = ¥ (X, l) = 0 

^ 2 ■ V 2 2 >,2 

2^ (0, Y) (1, Y) (X, 0) (Xjl) 


bx'^ ^ BX^ ' ' dt 


The eigen functions are orthogonal ' and norma- 
lising, we get 
.1 ,1 


f: 


M (X, Y) ¥ (X, Y) ¥ (X, Y) dX dY 

' *vwv-v ^ ^ * 


mn 


rs 


0 0 
1 1 


‘^mr^ns 


or^ 5 (A ) sin (mTTX) sin (nTTY) 

0 ^ 0 

(sin. rTTX) ( sin s tt Y) dX dY =S ft 

mm ■ 

'2 


mr*^ ns 




= 1 


A =2 
mn 


Now from (3.2,4) 
1 1 


(3.4.2) 


/ / ¥ (P) L f ¥ (P) r dD (P) = w / r 

I j rs L 4 mn^mrOns 

0 0 

Substituting ¥^^ (P) and ¥^,^ (P) , we get 

1 1 

0 0 


^X- 


rs 


+ 2 R 


alb: • 


(z, z)dxdy=w®, 5'^^ 
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'll 4:2 2 2 A. A. 

, _ / 4. ((mTT) + 2 R (mTT) (nTT) + (R^)(nTD ) 

0 0 

sin ffiffx , sin nTTY'. sin rTfX . sin sTTY (3X dY 

= W (S 

mr ^ns 




mn 


w 


mn 


= TT ( + 2 n^) 

= TT^ (m^ + ,R^ 

= (m^ + R^ n^) 


(3.4.3) 

where is the non - dimensionalised natural frequency, 
The natural frequency is given by 


¥ = TT 

mn 


:2 


D 




D 


h a- 


From (3.2,7) 


(m^ r2 ) 


w 

mn 


oO 


‘ 

r 2 

m=l 

ii=i 


(3.4.4) 


^ (T) 


sin nTfY 
(3.4.5) 


Substituting this in equation (3,1.2), multiplying by 

sin r * sill s jf Y and integrating over the region 
(0, 1), (0, 1), we get 
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4 9 Q 2 2 

Tf (m + R n ) n (T) + n (T) 

IT ^ ^ K± / ‘ lijj^ V X ; 


1 1 


2 f (X, Y, T) sin mTTZ . sin nTfY .dZ dY 


f(X,Y,T) = f (T) 


or 


n (T) + w ^ n (T) 
mn ^mn mn ^ ^ 


.2r 


f (T) 


(3.4,6) 


mnTT 

when both m and n are odd 
= 0 otherwise 


From (3,2,14) 


^mn = 


J 


8 


Wmn mnTt 


^ f (X ) sin (T-f) dr 


_ sin w^„ T 

+ n^ (0) cos T + ^ (0) 

^mn 

(3.4.7) 


In our case 


n (0) = 0 

mn 


Ajjin (0) 0 

n (T) = -i- 


(3,4.8) 


mn 




8 


mn 0 


mnfr 


2 f (D sin Wjjj^d -r)dr 


,T 


(3,4.9) 

The integral f f CD sin D (T -T) dT is called 
J 0 ^ 

the" Response function" (or Diiiamel Integral) and is 


dependent upon the type of forcing function used. It 
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has been calculated for different types of pulse load' 
ing. and given in Appendix A, 


Substituting n^ (T) in (3.4,6), we have 


me 


c>C 


W (X, Y, T) 




8 Winn <^2;, Y) 


.2 - 


m=l,3 n=l,3 mnfT w^n 


f(T) 


0 


sin w CT - T ) dr 
mn 


(3,4.10) 


The strains in terms of non - dimensionalised parame- 
ters in Z and Y directions are given by, 

_ ¥ 

e = - — — 5 = strain in x - direction 

^ . / 


X 


andi 


¥ 


X 


^T 

= r T 


= strain in y - direction 


■ sin mTT X sin n TT Y 


m=l,3 n=l,3 n 

f (r ) sin w (T -r ) dr 
mn 


( 


0 

(3,4.11) 


and 


Cxi OC 

e = T y sin mTTX . 

7 1^,3 n=l,3 ® "Winn 


sin mrY 


f (T) sin w (T -D dz* 
mn 


0 


The actual strains are given by 


(3.4.12) 


_ h a" 


X 


2 D X 
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h ^ 

2 D 


2 ^ 04 ' 


16 m 


m-1,3 n=l,3 n w. 


sin mTTX . 


mn 


and' 


sinn/iY f f (T) sinv (T -T) dr 
J mn 

° (3.4.11a) 


h a _2 - 


2 D 
2 


R e 
00 


irR®. I 




00 

1 


16 n 


m=l,3 n=l,3 m 


sin mTTX . 


mn 


sin mr Y ( f(T)sinw (T-T)dT 
J ^ mn " / 


0 


(3.4.12a) 


3*5 Glamned Plates 


In the case of clamped plates it is not possi- 
ble to give an exact solution for the 'mode shape of the 
plate. However, a good approximation is given by the 
product of the expressions for a clamped ■beam. 


¥ 

mn 


(x; Y) 


whe re 


¥ (X) . ¥ (Y) 

m n 


(3.5.1) 


¥ (X) 

m 

¥^ (Y) 

whe re , 

¥ (X) 

m 


“n 


= /{\ (x) 

= (Y) / I (Y) 


(3.5,2) 


(A^-1) sinh 0^ X + \ [exp (-“^ X) 

- cos X 3 + sinoC^ X (3.5.3) 

(A^-1) sinh«<^ C®^P 

- ^ 3 sino<^j^ Y 
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cos C< cosli < = 1 


(3.5.7) 




= 4,7300-1 


oC 


n 


2n + 1 
2 


o/ 


= 7.85320 

n >2 


(0.5.7a) 




n 


2 

m 


¥ ( 


m 


let 


2 ^ -m 1 2 n 

cos cosh 

Q(/S 

2 
n=l 


li 

€ 
t 

(3.5.8) 


tanh 2 


w a, Y, I) = x Z XJ (x) W (Y) (I) 

(3.5.9) 

SulDstituting this an equation (3.1.2), multi- 
plying hy (]C, Y) and integrating over the region 
(0, 1) , (0, 1) , -wo get 


1 1 


n (T) + w n (T) = ^ 


1 


nin 


ran nn 




nin 


\\ (X, Y) 


mn 


0 0 


f (X, Y, T) dX dY 


■where M is the generalised mass given by 

11111 


1 1 

% / I ^ 'til ® ® = Z. Z (3-S-lO) 

^0 0 


whe re 


1 


M 


m 


& 


= ( ( I'T (X))"^ 

0 ^ 


dX 




n 


= ( 


( W (Y)) dY 
n 


(3.5.11) 


For our case, 


F (X, Y, T) 


F (T) 
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Therefore, we eet 


n ( r ) + w n ( T ) = ' M 

nin mn mn 


1 


I I « 




f (T) dJ. dY 

Substituting the ve.lues'of (X), (Y) ajid 

integrating, we get 


^ ^ 2 -T 

n (T) + w„ n (T) = ^ 

iiin mn ‘^-rn'^n "'"mn 




where 


Q„ Q„ f (T) 
(3.6.12) 


'% 


(4 - - •'‘B 


+ 2 - COS Oi I / 1 y (X) 
n -J in 


(3.5.13) 


Q 


“n 


(A - 1) cosh< - A (exp (-c< ) + sin'^ ) 
- n n. n 


+ 2 - cos c>(- 


n 


/ W (Y) 
n 


Assuming initial conditions to bo zero, we have 

Q Q 


n (T) = 

mn 


n 


,'X v ^4 Ti J 

■*^1(1^11 111 n 


f (r) sin (T -V)dX 


(3.5.14) 

^ Q,,.* ■■■^ (X) If (Y) T 

W (X, Y, T) = z I n , J 


^ C< ST"* M M rT 
m=l n=l m m n 


0 


f (T) sin w (T -T ) dT (3.5.15) 


mn 


Strains in non-dimensionalised parameters in x and y 
directions are respectively (at Z = h/2) 
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oo oC' 


''S;~ 

4. Z_ K 

n=l n=l 'Xn "m 'n Lin ^ 


f C 1 ) sin w (T -T) dr 
nm 


(3.5,16) 


on oO y T “ 

•r — r- 0 Q„ 

= - ^ ^ — -j p 


f ( r ) sin vr (T - "^ ) d T 
mn 


(3.5.17) 


where 


1 (-1 = <^(“n - ^ V ®^=P <-‘^m 

+ cos'=<'„2) - sln< X) /I 1 I (3.6.18) 

n ni 'ml 

P„ (Y) = ( (1 - 1) sinhfc<: Y + /, e:-:p (- c< j) 

n 11 n n •'■ n 


+ co: 


Y) - sin""< Y) / W 


The actual strains ere given hy 


n a 


(3.5.16a) 


2 D X 


®y = S "% ®y 


(3.5,17a) 
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RESLTLTS MD DISCUSSIOIIS 

4 . 1 Theoretics! 

The response of a plate to impulsive load- 
ing has been computed. The computer program gives the 
strajJis and displacements at any point on the plate as 
a function of time and it also gives the modal contri- 
butions. In the case considered (b y a) it is found 
that the contribution of higher modes is less for de- 
flection and strain in x - direction, e„. But the 
contribution of higher modes for strain in y direction, 

e , is larger, 

T 

The convergence vras very good for simply sup- 
ported plates considering six harmonics. For clamped 
plates nine harmonics were used and the convergence 
was satisfactory. 

In Table lb, the values o^"’ the deflection at 
the center for clammed plates and simply - supported 
plates have been compared. The values are given for 
the impulse of unit magnitude. The non-dimensionalised 
deflections are also given for static case. 
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4.2 E xp e rim e nt al Re suit s 

The experinoent has been carried out for 
clamped plates for a constant aspect ratio (b/a) and 
varying thickness h. The values of pressure and st- 
rains are given in Ta,bles. 

4.3 Graphical Plots 

Figure 7 is the calibration curve for rose- 
ttes and strain gauges. The static calibration of the 
pressure transducer was done and it agreed satisfacto- 
rily xifith the calibration constant given by the manu- 
facturer. Fig. 8 shows the actual pressure acting on 
the plate for different pressures in high pressure 
chamber. Figures 9a and 9b show respectively the pre- 
ssure curves when there is an opening in the plate 
and when there Is no opening. 

In figures 11. a to 11, c, the pressure acting 
on the plate has been plotted against ratio of hole 
area to plate area for different types of holes. For 
ratio 1 (i.e. there is no plate at all), the pressure 
transducer' was kept at the end section, of the shock - 
tube. 

The response of the plates to blast load 
has been given in terms of strains. Strains are given 
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for the center of the cl?Tiped edges in toth the direc- 
tions. Figures 14 to 1C sliov the variation of e with 
different area ratios w.hon tho thickness and pressu- 
re are kept constant 1-he values are plotted for diffe- 
rent pressures. Simj.larly the variation of strain in 
y direction with different area ratios for a particu- 
lar thickness keeping the pressure constant is shown 
in figures -17 to 19, 

To see the effect of thickness on the res- 
ponse for a particular area ratio, graphs have "been 
drawn between strains and the ratio of thiclmess to 
plate length in x - direction. 

4,4 Discussion 

The values of straj.ns at the ends and at the 
center of a plate without a hole aro cor:pared \7ith the 
theoretical results. The oxporimontal and theoretical 
values are in good agrooment for plates 2 and 3. For 
plate 1, the experimental values s,rG considerably less 
than the theoretical values. This may be because of 
the fact that for large deflections, membrane forces 
come into play and have to be taken into consideration 
in the analysis. It is found that the Dynamic Amplifi’ 
cation Factor, (defined as the ratio of dynamic strains 
(or moments) to static strains (or moments) when the 
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peak dynamic load is assumed to bo uniformly distri- 
buted on the- p?.ato) at the ends is mucli less than at 
the center. The ratio is 3 to 4 times at the ends 
■where as it is less than 2 for the strains at the 
ends. 

The theoretical values of deflection for the 
clamped - clamped plate and simply supported plate for 
the experimental pulse shape is compared ■^'/ith the sta- 
tic deflection assuming the peak dynamic pressure to 
be uniformly acting on tho plate. It is observed that 
for the pulse shape considered the ratio of dynamic 
deflection to static deflection is loss in clamped 
plates than in simply supported plates. 

Figures 13 to 18 give response of the plate 
with and witnout holes. It is seen 'that for all 
plates e increasos for holes of shapes 1 and 3 at 
lower area - ratios. At area - ratj.os around 1/16, 
the strains increase considerably for shapes 2 and 3 
but decrease for shape 1. The strains for ratios 1/4 
are minimum for plates vrith holes of shape 2 in all 
the cases. This is duo to the fact that the bonding 
strain at the hole in a direction perpendicular to 
it has to bo zero. (In this case the gages are loca- 
ted considerably near the holes). Also the total 



force acting at the point v/here the gage is fixed is 
less for plates with holes of shape 2 than for plates 
with holes 1 and 3. 

Figures 16 to 19 represent the response in 
terms of dynamic strains .in y directions (or moments). 

It is found that e first decreases with increase in 

ft/ 

area ratios. But for the maximum area ratio, e' increa- 
se appreciably for holes of shape 2. In other shapes 
also, there is an increase, but it is very loss as 
compared to the hols of shape 2. 

In general, there are two effects of holes 
on the response of plates. In the first, the total 
stiffness of the plate is reduced. At the same time, 
when the load is uniformly distributed, the total load 
is smaller in the case of a plate with the holes. 

When a central cut out is made, for the same intensity 
of the distributed loeh, a smaller total load acts on 
a relatively stiffer portion. Thus one expects a 
smaller maximum deflection when a central cut-out is 
made . 

In case of strains an additional parameter 
is the distance of the gage location from the nearest 
free edge of the hole. Farther it is from the hole, 
the larger is the strain. The nature of variation of 
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strains as a function of areas of holes 5 is then due 
to the comhined effect of tho ahovo montioned factors-. 

In light of the c^ibove factors, figures 13 to 
18 , where the strains 3.1-0 plotted as a functj.on of the 
relative areas of tho holes, with the shape of the hole 
as a parameter are drawm, can bo interpreted. 

In case of circular holes, the graphs drawn 

for G and o reveal different trends. At higher 
y X 

values of hole ratios, e (at the center of clamped 

V 

edge parallel to x axis) increases whereas c„ decreases. 

It seems that o is influenced more by the reduction in 

y 

total stiffness than by the presence of a free edge 
which is farther removed from the gage location as 
compared to the gage location for e„. For smaller 
holes one expects that the change in the values of the 
strains as compared to solid plates to bo little , and 
this is clear from the graphs. 



CHAFTIH - V 


CONCLUSTOHvS AND SCOPE FOR FURTHER WORK 


5 • 1 Con clusio ns 

Tlio theory discussed in Chapter III assumes 
the do fleet ion to he small. The iiiitial strains in 
clampod plates is not considorod in the thoory. Gra- 
phs have heen given to show tho effect of holes in 
the response of plates (clamped) and the varic.tion in 
pressure distribution due to those holes. The follow- 
ing conclusi.ons arc dra>na ! 

1. ' Tho dynamic amplification factor for moments (or 

strains) is more at tho center than at tho ends 
for damped plates. 

2. The computed values of dynamic 'amplification fac- 
tor in clampod plates are less than those for 
simply supported plates. 

3. With increase in area - ratios, the strains at the 
ends along tho lino parallel to longer edge decrease. 
But as tho area - ratio increases, the strains in- 
crease, Ifeereas for larger area - ratios, the 
strains at tho ends along the lino parallel to 
shorter edge decrease* 
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4, The pressure drops with increase in area ratios. 

The drop rate increases with increase in area - 
ratios. 

5. To ho of assistance in designjjig against internal 
explosions the follovjing observations are rnades 

Cut-outs help in reducing the overpressures 
acting on the structure. Although other considerations 
may influence the choice, regarding the shape and size, 
vjhore over possible larger areas of cut-outs are to be 
preferred .from the point of reducing the intensity. 

For the same area of openings, those with 
the larger side parallel to the larger edge of the pla- 
te are preferable to those with longer sides parallel 
to shorter edges, hnioro ever possible, circular open- 
ings should also be considered as they are definitely 
better than those of the latter described above, and 
may compare favourably with the form.sr type described 
above . 

5.2 Scope For Further Work ; 

Experiments on similar linos can be conducted 
on plates with several holes so as to be of guidance 
while designing. 
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Brittle coating tochnlquo may to contompla- 
tod to obtaJ.n a comploto Imowledgo of the strain field. 

Instrumentation techniques to mea^sure dynamic 
deflections and over pressures are to he developed. 

The shock tuhe can be readily used to con- 
duct blast loading on various structural elements and 
for different end conditions and can be modified with- 
out difficult}/ to obtain partial loading also on these 
elements. 


Finite element method may bo used for plates 
with cut-outs to predict the response based on theory. 
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APPENDIX - k 


USSPONSE FUNCTIONS 


riesponse function = F.R (t) = ^ f (t) Sisa-Air 




!• Rectangular Pulse 


Forcing function : 




f (t) =1 for t t 


= 0 for -oi'<t 40 and t>t^ 


Response Function t 


For t < t- 


F.R. (t) = (1 - cos w t) 


For t 7 "fc. 


•y 

F.R (t) = - ( cos ¥ (t - t-,) - cos wt) 

W V J_ 


Forcing Function ; 


f (t) = 0 5 t< 0 


tc t-i 


1 


Response function; For t 




For t y t 


F.R. (t) = 


A* 


Sin ¥ (t - ti 


Sin ¥t 
¥ 


1. 1 T. .KANPU: 


ft 
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2, Triangular Pulse 



F.R. (t) = ^ Ct - 
For C t <C. tg 
F.n. (t) = i [i - 


Forcing Function 

f .(t) =0 , -o6 4 t <.0 and t^tg 



0 1 4 


t 

"* — .+■ 3 


<, "b 4 tg 


Rosnonso Function 
For t t 

1 

Sin wt ) 
w 


t-t^ 

± Sin wt 

tg-ti" 


Sin w(t'^t 2 _) 
1 


+ 


Sin w (t-t^) -i 

- - , ^ — 

w (tg - 


and t y to 


F.R. (t) 



Sin wCt-tn) Sin wCt-t^) Sin 'Wt 

Sin w (t - 

■ *2 -“*1 



3, Tranezoldal Pul-SO 



Forcing Function ? 
f (t) = 0 , - o6<t<c0, t 7t3 


t 



= 1 


t4. t3_ 


t3-tg 


t^<: t < tg 
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Response Function 


For ■t -iC ■t3_ 


F.R. (t) = :^ (t - 21 ^ ) 


w t 


1 


w 


t3_<: t < tg 


F.R. (t) = 


t2<t < tg 


F.R. (t) = 


T _ Sin w (t-t ) Sin wt 

^ 1 1 + n . j 


w 


w 


2 f w t- + Sin w (t - t-, ) - Sin wt"! 


W (tg-tg) 


(w (t-tg) - Sin w (t-t2 )) 


t >^3 

.R. (t) 


^ Sin w (t-t^) Sin wt Sin ■w(t-t3) 
w I w "fc-i 




Sin w (t - t2) 

w (tg - tg) 


1 


4 . Trapezoidal Pulse with -Zero Rise Time 

Forcing Function 

f (t) = 0 , & t > t, 

£ 

= 1 5 t ^ 

t-tl 

= 1 -^ 

^ J- 
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liosToonse Function 


For t < t. 


1 


Fll (t) = “ (1 


1 - 


- cos wt) 




F.R. (t) 


1 1 

W ■ rtpt^ - “= * FTtpt^ 

sin. w (t - t 2 _) _] 


t >t2 

F.n. (t) 


cos wt 
w 


Sin w (t-t 2 )- 


2 - , V _ 2 


¥ (t2-ti' 


w 


sin w (t - tj) 


5. 1 


0 




'‘'X 


/ 

/ 

/ 

X, 

X 


X 

1^ 



*1 


a 


Forcing Function 

f(t)=0 3 ~occt<0&t7St., 


j ^ = 1 _ -i- 

■>! ^ 
Rosronse Fnncticn 


0 < t c s t 


t>5t, 


1 


t 4. St. 

1 t. Sin wt, 

FR (t) = -(1 - q - cos wt +-^ ) 


FR (t) = 4^ cos w (t - s ti) - 4 — Sin w (t 


2 4- 

w t 3 _ 


s 


Sin wt 

w2 ti 


cos wt 
w 


4* 
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This is a special case of the previous one with 


1 


He suonse Function 



for t < t. 


1 


Fit (t) = U Li 


"1 


- cos wt 


sin wt -1 
w ^ 


for t > t. 


1 


FR (t) 



sin w (t - 
w 


t]_) 


sin wt 
wt^ " 


] 


cos wt + 



APPEl'JDIX - B 


The static response of simply supported 

plates lias teen obtained from Havicr solution. The 

34 

values are taken from Reference 

For the clamped plate, the solution is ob- 

tainod by combining the known solution for a simply 

supported plate under a uniform load with that of a 

plato bent by moments distributed along the pairs of 

opposite sides. The two solutions have been combined 

so as to satisfy all the requirements of the clamped 

edges. The values of strains (moments) and deflec- 

34 

tions are taken from Referonce . 



TABLE 1 - b 
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PLATE PARAIIETERS 


Plate No. 


JHqj.clme_ss_ 




1 

.0256” 

30.043:10® psi 

0.278 

11/ In® 

2 ■ 

.0593” 

30,1 X lO'^psi 

0.277 

Ih/in® 

3 

.0836” 

30.0'ox lO'^psi 

0.271 

Ih/in® 


TAEIE 

1 - ' a 




COilPARISON OF STATIC & DYl'TANIC DEFLECTIONS 


Thickness f" Clanped - Clamped ^ Simple’' Supported 
0 f L : P]0ai:.?.-_ L - ZL^te 

Plate in 5 Non-dimensionaSDynamic 2 ron-dimensiona- ©ynanic 
inches S -lisecf deflec- ildeflec- 2 lised deflec- Odeflec- 

fehOll*.. iAiPA ^iPil 

5^ta- S)'ynamic 5 inches rata- i Dynamic 2 inches 
_i_ _2 tic . i , 2. 

0.025S” .00245 .00475295 .02S3S88 .00772 .0155418 ,0863222 


0.0598” .00245 .00473937 .0020651 ,00772 .0158325 .00691212 


0.0836” .00245 ,00453014 .0007237 .00772 .0157627 .00251394 
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TiffiLE - 2 


Acttial 

pressure on 

the plate for 

holes of 

shape 1 

Pressure inf 

Shane 0 Retio 

5 Pressure 0 

t 

5 t^ 

the high 

5a /A 

5 on the i) 

1 

0 2 

pressure 

0 2 1 

5 plate 51 


5 

chamber psig 

§ 


m. sec . 

5 m.sec 


0 

5.6 

4.6 

7.0 


1/64 

5.2 

3.6 

5.8 

6 

1 





1/16 

4.48 

3,6 

5.6 


1/4 

3.4 

3.6 

5.6 


0 

7.0 

4.6 

7.0 


1/64 

6.7 

4.6 

7,2 

8 

1 





1/lG 

6.2 

4.6 

7.4 


1/4 

4.7 

4.6 

7.0 


0 

■ 8,8 . 

4.6 

7.0 


1/64 

S ,5 

4.6 

8.0 

10 

1 





1/16 

7.8 

4,6 

8.0 


1/4 

6.2 

4.6 

7.0 
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TABLE - 3 


Actual pressure on the plate for holes of shape 2 


Pressure 0 
in H*P. !1 
chamber 5 
losi 5 

Shape 

\ Ratio 
U /A 

5 2 1 

5 

5 Pressuiei) 
is on the 5 

0 plate 1 
_ .i psi .. 0 , 

h 

m.sec. 

5 t„ 
il 2 

0 

ii m.sec^ 



0 


5,6 


4.6 

7.0 



1/64 


5.3 


3.6 

5.6 

6 

2 









1/16 


4.8 


4.4 

7.0 



1/4 


3.4 


4.6 

7.0 



0 


7.0 


4.6 

7.0 



1/64 


6.8 


4.6 

7.2 

8 

2 









1/16 


6.36 


4.6 

7.0 



1/4 


4.6 


4.6 

7.0 



0 


7.0 


4.6 

7.0 



1/64 


6.8 


4.6 

7.2 

10 

2 

1/16 


7.8 


4.6 

7.8 



1/4 


6.0 


4.6 

8.0 


Actual 

■ SO 

TABL3 - 4 

Pressure on the plate for holes of shape 3 

Pressure 

y Shape y Ratio 

1 5 A /A^ 

^Pressure 1 

t 5"™ 


in ii.P. 

von the 5 

2 

chamber 

1 § 2 1 

is plate 5 

X 

5 


asj.— 

3. , il ^ 

5__.T}si i! 

m.sec. 5 

in#sec • 


0 

5.S 

4.6 

7.0 

6 

1/64 

3 

5.24 

3.6 

5.6 


1/lS 

4.S 

3.6 

5.6 


1/4 

3.4 

3.6 

5.6 


0 

7.0 

4.6 

7.0 

8 

1/S4 

3 

6.8 

4.6 

7.0 


1/16 

6.2 

4.6 

7.4 


1/4 

4.6 

4.S 

7.0 


. 0 

8.0 . 

4.6 

7.0 

10 

1/ 64 

3 

8.6 

4.6 

8.0 


1/16 

7.9 . 

4.6 

7.7 


1/4 

6,2 

4,6 

7.8 
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TABLl 5 

Comparisj.on^ Oi theoretical static anl tynanic strains 
with ssperircental dynamic strains 


Thiclme 

ss = 0.0256 l.-i. a = 4 

(a) 

in. 

h = 5 

in. 

Pressure 
on the 

T re-'To";^ 5"~ 

5 8 


y 


plate 

TDSi 

Sta/cic 0 Lynamlc 5 

Sxp. IFlheor.^ 0 ExiryTTheor.! 

■M,. .In / in m in/ in 0 /u in/iii /u in/inki in/inO/a 

static 

in/in 

5.6 

032.0 3254.0 2074,0 

896.0 

1910.0 

1511.0 

7.0 

1465.0 4070.0 2592.0 1320.0 

2386.0 

1890.0 

8.8 

1935.0 5110.0 3258.0 1548. 0 

3005.0 

2376.0 

(h) 

Pressure 
on the 

} e (2, 3) « 

5 ^ 5 


e (2, 3) 

y 


plate 

nsi 

5 ' Dynamic 5 Static 5 

Dynamic 5 

Static 

1 Erp.STheor.C SS 

ifl,./iaiki in/in ni in/ iii f\i 

5 

-ifi/ii&i. 

5 

in/ in 5 ju 

in/ in 

5.6 

2085.0 ■ 840.0 


672.0 

253.8 

7.0 

2612.0 1050.0 

- 

840.0 

3174.0 

8.8 

3284.0 1320.0 


1053.0 

3988.0 
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TABLE 6 


Compari.sion Oi theoretical static and dynajaic strains 
"wi 0 x 1 experiirental d^rnamic straJjis 


Thickness = 0.0598 in. 


a 




in. 


h = 6 in. 


(a) 


Pressure 5 
on the 
plate 

-D-Si. 



-ey (2,0) 


Dvnyi'iic 

Exp. y Theor. 5 
a_ln/lnih iD./lnki in/ln&Ai in /in 


Static 


5.6 

447.0 

592.0 

382.8 

278.4 

386.2 

284.4 

7.0 

57S.1 

739.3 

479.0 

386.0 

483.0 

356.0 

8.8 

629.0 

930.0 

601.1 

499.5 

607.0 

404.7 


(b) 


PressiTref"' “ ’'e T2",3)”''’' e (2~3)' 

on the t... ^ y ' 


plate 

... _pisi_ . 

r 

D^inarnic f Static 

i! iDtmamic il 

Static 

/u in/in 

r' 

_k. 

Exp. f Theor. !1 5 Exn. 5 Theor, 5 

in/in!ki in/ ink in/ ink in/ ink in/ in 5 

5.6 


323.0 382.8 153.8 

204.4 

175.8 

46 .4 

7.0 


402.0 478.0 192,3 

228.6 

219.4 

58.1 

CO 

• 

CO 


484.0 601.5 241.9 

290.0 

276.0 

72.91 


TABL"; 7 
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Compai isioxi of tli.'joretical static and dynamic strains 
with eyaperimental dynamic stra.ins 


Thj.ckness - 0.0836 in. 


a = in. 


b = 6 in. 


(a) 


:e7(0,3T- r 


-Sy (2,0) 


Pressure Q 

on the 5 

plate il Dyii a mic JS. Static !S P 3 tiamic__ Static 

5 Sxp. 'rTheo”r.”i' Theor. ^ 


5.6 

219.2 

298.2 

194.2 

182.1 

207.6 

146.1 

7.0 

290.4 

382.6 

242.6 

245.4 

259.5 

182.9 

8.8 

353 .4 

468.5 

298.0 

326.8 

326,4 

229.8 


(b) 

Pressured o (2"53) T e (2,3) 

on the H 3. l~ — 

plate i J Static 5 DznaiaiS — § Static 

r'ETf: r ^I'leor. 5 1 

psi fci iri7in iki in/inih in/ ixx ih ..inyj Ln iki in/inj — Ai_inZin 


5.6 

168.1 

193.5 

83.15 

96.7 

85.9 

23.74 

7.0 

222.8 

242.0 

103.9 

145.1 

107.6 

29.68 

8 • 8 

252.6 

304.2 

130.8 

161.5 

135.1 

37.31 
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TABLE - 8 


EZP^RII'ISiJT'AL RESULTS FOR STRARIS ^ TIlE EI'TDS FOR 

CLAI'-IPED PLilTE 

Thickness = 0.0253” a = 4 in. b = 6 in. 

Strain in the x - Oirection at point (0. 3) 

E^ Strain in tlie y direct lor at point (2, 0) 

Strains are in micro inch/ inch. 


“1 

pe yPressure 
1 psi 

_J 


"1/64 ! 

1/16 1 

1/4 

I ° 


5 i 

I ^ I 

'®v ^ 

^ ]( 


~®x 

r-v 

5 y 

1 -e 

1 

-e 

y 


3.4 

879.2 

586.0 

920.0 

482.0 

707.0 

646.0 

566.0 

545.0 


4:6 

1670.0 

665.0 

1062.0 

656.0 

1059.0 

895.0 

963.0 

867.0 


6.2 

1442.0 

735.0 

1470.0 

909.0 

1380.0 

1228.0 

1385.0 

1091.0 


3.4 

735.0 

557.0 

711.0 

56 9.0 

493.0 

775.0 

566.0 

545.0 


4.6 

841.3 

617.0 

943.0 

715.0 

698.0 

1198.0 

963.0 

867.0 


6,2 

941.0 

736.0 

1278.0 

980.0 

896.0 

1320.0 

1385.0 

1091.0 


3.4 

820.4 

507.0 

874.0 

491.0 

468.0 

726.0 

566.0 

545.0 

S 

4.6 

982.3 

647.5 

1265.0 

734.0 

585.0 

917.0 

963.0 

867.0 


6.2 

1408.3 

820.0 

1622.0 

884.0 

700.0 

1054.0 

1385-0 

1091.0 




3.4 

288.0 

152.5 

282.6 

140.4 

257.2 

221.0 

270.8 

169.0 

1 

4.6 

390.8 

246.0 

386.8 

214.8 

391.8 

307.2 

380.0 

253,9 


6.2 

526.5 

315.4 

501.0 

315.6 

520.0 

419.5 

443.0 

351.6 


3.4 

237.9 

170.0 

298.2 

214.0 

179.6 

310.6 

270.8 

169.0 

2 

' 4.6 

297 .9 

258.2 

388.4 

273.4 

258.4 

442.0 

380.0 

253.9 


6.2 

406.0 

348.4 

517.0 

369.2 

333.4 

555.0 

443,0 
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